The "classical-quantum" (cq) discord of a bipartite state ρ AB is the smallest difference between the mutual information S(ρ A:B ) of ρ and that of ρ after a measurement channel is applied on the A system. Relating zero discord to the strong subadditivity of the Von Neumann entropy, Datta proved that a state has zero cq discord iff and only if it can be written in the form i p i |i 〉〈i | ⊗ ρ B i for p i a probability distribution, |i 〉 a basis of the A system and ρ B i states of the B system. We provide a simple proof of that same result using directly a theorem of Petz on channels that leave unchanged the relative entropy of two given states.
B aa ′ , corresponding to ρ
The state is said to be "classical-quantum" (cq) if there is such a basis for which the matrix is block diagonal i.e ρ B aa ′ = 0 if a = a ′ . The operator D A = a∈A (|a〉〈a| ⊗ 1 B )ρ(|a〉〈a| ⊗ 1 B ) which replaces off diagonal blocks by a 0 block is a quantum channel that acts independently on the A and the B system (it is the identity on B). It is known that for such channels E holds the inequality
I (E (ρ)
A:B ) ≤ I (ρ
A:B ) where I (ρ A:B ), the mutual information, is S(ρ A )+S(ρ B )−S(ρ AB ) and S(ρ) = −tr ρ lg(ρ) . It is the infimum of I (ρ

A:B )−I (D A (ρ)
A:B ) over all bases A that was called "discord" by Ollivier and Zurek [1] and that we shall call qc "classical-quantum" discord (provided the dimension of H A is properly chosen). It is clear that if ρ is classical-quantum, then the qc discord is 0. The converse is not obvious. The argument in [1] appears to lead nowhere (cf appendix). Datta [2] gave a proof that zero discord implies classical-quantum using a result of Hayden et al. [3] on the structure of states which satisfy strong subadditivity of quantum entropy with equality. His definition of discord however looks more general than the above since he optimizes over all channels defined by rank 1 POVM's on the A system instead of complete projective measurements. Nevertheless a rank 1 POVM with outputs in M is equivalent to a unitary embedding of H A into H M with basis the |m〉 and we can simply apply a projective measurements in H M . In fact, we can always choose M of size at most d
A and work with block matrices. Details are to be found in the appendix where it is also shown that there is always a basis corresponding to the discord. The following theorem thus implies that if the cq discord is 0, the state is classical-quantum. The approach is similar to that of Piani et al [3] for "classical-classical" states.
Proof. The equality I (D(ρ)
( 1) and
so that each diagonal block is a convex combination of the others. Thus, for all the extremal states ρ 
; the supports of the P i being pairwise orthogonal, the P i can be simultaneously diagonalized, letting ρ AB block diagonal.
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Optimizing over all measurement maps
In this section, if E is defined on the first system only then, when applied also on B, it is E ⊗ ½ B that is meant. 
The set of POVMs with output set M is convex. Since M M is linear in M and the relative information is convex in its inputs, any POVM with outputs in M and for which
is optimal must be extremal [7] . is modified in I (ρ
Here is a Python 3 program that takes a two qubit density operator (thus a 4×4 matrix comprising four 2×2 blocks), returns its eigenvalues and its Von Neumann entropy and does the same on the matrix obtained after zeroing the (00, 11) and (11, 00) entries. The matrix has entropy 1.7555 and after zeroing the two conjugate entries, the entropy decreases to 1.7546 instead of increasing. The entropy also decreases if we choose the two other possible entries, (01, 10) and (10, 01). It is unclear how we could ever force the entropy to strictly increase by such methods. 
